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Theoretical investigations have found manganese silicide on the Si(001)-2 ×1 surface to be ferromagnetic. 2 The growth of nanowires of manganese silicide on Si(001) could therefore lead to interesting 1D magnetic properties. Selforganization on templates has attracted sustained interest as a method to drive the formation of structures constrained in one or both surface directions, to form nanowires or nanocluster arrays. 3 During the past two decades, various mechanisms involving anisotropy, whether in the surface energy or epitaxial mismatch, have been proposed to guide the formation of nanowires on flat terraces. In our previous work, we have found that selfassembled Bi nanolines, 4 which grow along the [110] directions on the Si(001) surface, can act as a template for metal deposition at room temperature with indium forming flat islands 5 and silver forming clusters. 6 While mixtures of clusters and nanowires have been reported on the Si(111)-7×7 surface, 7 nanowires have not been reported experimentally on the technologically important Si(001) surface and most research on the growth of manganese silicides has focused on thin films and clusters. Mn atoms form surface chains 8 after deposition at room temperature, which move into surface defect sites or form surface silicide clusters after annealing. Here, we present a method for the growth of high-aspect-ratio manganese silicide nanowires by deposition of Mn at 450 °C onto a surface covered in a high density of self-assembled Bi nanolines. 9 The nanowires are semiconducting with a band gap of approximately 0.6 eV, which agrees with the reported band gap of MnSi 1.7 . This technique of using Bi nanolines to prestress the surface is in principle generally applicable to other materials that grow epitaxially on the Si(001) surface.
Manganese deposited at 450 ƕ C onto the Bi nanoline covered surface forms long nanowires, as shown in Figure 1 . We found that at low coverages, we only saw nanowires, and as the coverage increased, some clusters began to be formed as well. The length and direction of the nanowires also depends upon the nature of the underlying Bi nanoline surface. As Bi nanolines grow, they tend to push step edges ahead of them, so that the surface tends towards a one-domain surface with double-height steps, with all the nanolines running in the same direction, determined by the long-range (10-20 ȝm) roughness of the particular wafer. The degree to which the surface becomes single-domain depends upon the exact conditions during Bi nanoline growth, particularly the sample temperature. There is a strong prevailing direction in Figure 1 . The typical length is 100-200 nm, and the longest nanowire seen thus far is around 600 nm in length, shown in Figure 1 . As a control experiment, Mn was deposited onto the clean Si(001)-2 × 1 surface under identical conditions, i.e. at 450 °C and with the same flux, the only difference being the absence of the Bi nanolines. Under these conditions, nanowires were never seen. A detailed STM study of the nanowire structure 10 has found that the nanowire has a linear surface reconstruction with a periodicity of 0.56 nm and we propose a reconstruction on their surface to reduce the density of dangling bonds, which forms linear structures matching the dimensions from STM. 10 Scanning tunnelling spectroscopy data agree with previous calculation results and reveal that the nanowires are degenerate semiconductors, with potential application for spintronics. The preparation of these 1D manganese silicide nanowires on the technologically important Si(001) surface opens up new possibilities for nanoelectronic spin devices using this material. 
